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Introduction {#s1}
============

The term nocebo was created in analogy to the term placebo, and refers to the development of negative effects that are attributed to medication, albeit the drug itself does not explain the provocation of these symptoms [@pone.0107665-PachecoLpez1], [@pone.0107665-Rief1]. In the context of clinical trials, nocebo effects are often reported as the development of unwanted adverse events of patients allocated to the placebo groups [@pone.0107665-Mitsikostas1]. The development of adverse side effects after placebo intake has been reported for a variety of medical conditions, and patients in the placebo arms of these clinical trials often discontinued pill intake explicitly because of symptoms that were attributed to the medication [@pone.0107665-Mitsikostas1]--[@pone.0107665-Rief2].

Nocebo responses, similar to placebo responses, are mediated through specific and interrelated mechanisms across different medical conditions and physiological systems [@pone.0107665-PachecoLpez1]. Nocebo responses are steered by patient expectations towards possible unwanted side effects of a treatment or medication, which in turn can be induced by an inappropriate doctor-patient communication and/or patients information systems such as drug information leaflets [@pone.0107665-Rief3]--[@pone.0107665-Colloca1]. In addition, associative learning and social observational learning can also play a role in the development of nocebo effects [@pone.0107665-Swider1], [@pone.0107665-Vgtle1]. These nocebo-induced side effects are not only of relevance for clinical trials, but also play a major role in drug discontinuation in clinical practice, thereby negatively affecting treatment efficacy as well as patient adherence and compliance [@pone.0107665-Enck1]--[@pone.0107665-Rief3], [@pone.0107665-Rief4]--[@pone.0107665-Benedetti1]. Since experimental and clinical data document a large interindividual variability in nocebo responses, one of the major challenges in this research area is to identify psychological and/or biological predictors for nocebo responses.

Genetic variation had been identified that might predict placebo responses. The Met allele of a genetic polymorphism (Val158Met) in the catechol-o-methyltransferase gene (*COMT*) was associated with increased placebo responses in patients with irritable bowel syndrome [@pone.0107665-Hall1]. Previously, functional polymorphisms in the monoamine oxidase gene (rs6323 G-allele at *MAOA*) and the *COMT* (Met allele at Val158Met) predicted reduced placebo responses in depression [@pone.0107665-Leuchter1]. However these data were not significant. Moreover, a link between polymorphisms of genes of the serotonergic system, amygdala activity and social anxiety has been reported [@pone.0107665-Furmark1]. More recently, the major degrading enzyme of endocannabinoids FAAH (fatty acid amide hydrolase) has been found to induce higher placebo analgesia for FAAH Pro129/Pro129 homozygotes [@pone.0107665-Pecia1]. However, data on genetic variables predicting nocebo responses are lacking. Psychological predictors for nocebo responses such as anticipatory anxiety for the experience of visceral pain [@pone.0107665-Elsenbruch1], the trait pessimism for inducing unpleasant feelings after pill intake [@pone.0107665-Geers1] and a tendency towards somatization, as well as a higher somatosensory awareness and amplification [@pone.0107665-Wilson1]--[@pone.0107665-Barsky2] have been identified.

In a model of learned immunosuppressive placebo effects in healthy humans, we were able to identify biological and psychological predictor variables for the learned inhibition in cytokine release [@pone.0107665-Ober1]. Thus, employing this well-established paradigm of behaviorally conditioned immunosuppressive effects, the aim of the present study was to identify possible genetic predictors for nocebo responses. We focused on the *COMT* Val158Met polymorphism (rs4680) since it has been investigated most extensively [@pone.0107665-Grossman1]. The valine (Val) form catabolizes dopamine three to four-times more efficiently than the methionine (Met) form [@pone.0107665-Lachman1]. Homozygotes for the Met variant showed a more pronounced placebo response in patients with irritable bowel syndrome compared with individuals of the other genotype [@pone.0107665-Hall1]. A possible association between reported nocebo effects and the *COMT* Val158Met polymorphism has never been investigated before.

The presented results are part of a study program on behavioral conditioning of immune functions [@pone.0107665-Albring1]. The unique advantage of the conditioning model employed here, is the ability to analyze intra-individual nocebo responses, after intake of an immunosuppressive medication during the acquisition phase of the conditioning procedure as well as after placebo intake during the evocation phase. Psychological, immunological and neuroendocrine parameters were analyzed and drug specific and general side effects were assessed before and after medication or placebo intake respectively and the three *COMT* genotypes were analyzed with respect to their experienced side effects.

Materials and Methods {#s2}
=====================

Ethics statement {#s2a}
----------------

The study was approved by the local ethics committee for human investigations of the University Hospital Essen and follows the rules stated in the Declaration of Helsinki. All participants gave written informed consent and were reimbursed for their participation.

Subjects {#s2b}
--------

As part of a larger study program on behavioral conditioning of immune functions [@pone.0107665-Albring1] 62 healthy males of Caucasian descent (age range: 18--40 years, mean age: 25.5±0.5 years) agreed to genetic screening. All participants underwent an extensive physical and psychological assessment (self-reported questionnaires, general anamnesis and medical history). An electrocardiogram and ultrasonography of the kidneys were performed, evaluated by the physicians of the Department of Nephrology. Subjects were excluded if one of the following criteria was identified: daily intake of medication, blood donations \>200 ml within the last two months, intolerance for substances (e.g. lactose) used in the study, previous participation in pharmacological studies or other medical exclusion criteria (e.g., disorders of immune or neuroendocrine system, previous or persistent mental disorders, addiction, allergies, signs of cardiovascular, hematologic or nephrologic disorders, respiratory problems or diabetes mellitus). Subjects received 500 € for their participation.

Study design {#s2c}
------------

In the established taste-immune conditioning paradigm in humans, the immunosuppressive drug cyclosporine A (CsA) (unconditioned stimulus/US) is paired with a gustatory stimulus (conditioned stimulus/CS) during acquisition. Mere re-exposition to the CS during evocation is mimicking the immunopharmacological properties of CsA, reflected by impaired Th1 cytokine production and decreased T cell proliferation [@pone.0107665-Wirth1], [@pone.0107665-Goebel1]. In order to determine the kinetics and extinction process of conditioned immunosuppression, subjects were randomly allocated into three groups.

On experimental days 1 (6 pm), 2 (8 am and 6 pm) and 3 (8 am) during the first week of medication intake, all subjects in all three groups received four oral doses of 2.5 mg/kg body weight of the immunosuppressive drug CsA (Sandimmun optoral, Novartis) in capsule form. In addition, subjects in groups 1 (n = 24) and 2 (n = 26) received a green-colored novel-tasting drink (150 ml strawberry milk aromatized with lavender oil) (CS) with each capsule (CsA) intake whereas subjects in group 3 (n = 12) were not exposed to the CS (drink) ([Figure 1A](#pone-0107665-g001){ref-type="fig"}). A pause of five days followed to allow drug wash out. During the following eight days, subjects of group 1 received identical looking capsules containing a placebo (lactose powder) together with the CS (drink). The CsA capsules were manufactured by the pharmacy of the university hospital Essen in a way so that they were not discriminable in taste and smell from the placebo capsules. To achieve this, the CsA capsules were coated with a white film of galantine and the interstitial were filled with lactose powder. Subjects in group 2 received subtherapeutic doses of CsA (0.25 mg/kg/10% of the dose employed as US) fourteen times together with the CS (twice a day; 8 am and 6 pm, respectively) whereas group 3 received the subtherapeutic dose of CsA without the drink (CS) ([Figure 1B](#pone-0107665-g001){ref-type="fig"}).

![On experimental days 1 (6 pm), 2 (8 am and 6 pm) and 3 (8 am) during medication intake, all subjects in each of the 3 treatment groups received four oral doses of 2.5 mg/kg body weight of the immunosuppressive drug CsA (Sandimmun optoral, Novartis) in capsule form.\
In addition, subjects in groups 1 (n = 24) and 2 (n = 26) received the CS (drink) with each capsule (CsA) intake whereas subjects in group 3 (n = 12) were not exposed to the CS **(A)**. After five days wash out time, subjects received either identical looking capsules containing a placebo (lactose powder) or a subtherapeutic dose of CsA (0.25 mg/kg) fourteen times, twice a day (8 am and 6 pm respectively) with (groups 1 and 2) or without (group 3) the CS **(B)**. In order to analyze possible general treatment side effects (nocebo effects), participants were asked before the start of the study (*Pre I*), after *Medication* intake (*Post I*) as well as before (*Pre II*) and after "*Placebo*" (*Post II*) intake to fill out the GASE. Blood was drawn on the first day for baseline measurement (*Pre I*), on day 3 (*Post I*) to analyze the pharmacological effect of CsA as well as on day 8 (*Pre II*) and 15 (*Post II*) to determine possible residual effects of the drug as well as effects on physiological parameters after treatment with "*Placebo*" (sub-therapeutical doses of CsA).](pone.0107665.g001){#pone-0107665-g001}

The subtherapeutic dose of CsA was previously determined, in which 0.25 mg/kg CsA (10% of the dose used as an US) did not significantly affect functional immunological parameters such as interleukin 2 (IL-2) secretion and mRNA expression or anti-CD3 stimulated PBMCs cytokine production [@pone.0107665-Albring1]. Blood was drawn on the first day at 10 am for baseline measurement, on day 3 at 10 am to analyze the pharmacological effect of CsA as well as on day 8 and 15 at 10 am to determine possible residual effects of the drug. Heart rate, blood pressure, plasma catecholamines, and cortisol concentrations as well as the IL-2 concentration in culture supernatant were analyzed in parallel ([Figure 1](#pone-0107665-g001){ref-type="fig"}). All participants were told that the chance of receiving the immunosuppressant CsA was always 50%.

Behavioral measures {#s2d}
-------------------

Questionnaires assessing psychological trait variables were filled out before the first study day ([Figure 1A](#pone-0107665-g001){ref-type="fig"}; *Pre I*). A general medical history, traits such as beliefs about medicines (Beliefs about Medicines Questionnaire_extended version/BMQ) [@pone.0107665-Horne1], assessing patients\' beliefs about prescribed medication acquired from the personal medical history, as well as general views about medicines in six subscales ("BMQ_general harm": Belief that medication will do harm in general, "BMQ_general overuse": Perception how doctors use medicine and place too much emphasis in them, "BMQ_general benefit": The belief that a beneficial treatment can be achieved through medicines, "BMQ_sensitive soma": Sensitivity towards drug effects, "BMQ_specific necessity": Dependence on medication, "BMQ_specific concerns": Being concerned about drug side effects and feeling uneasy when taking drugs) and somatosensory amplification (Somatosensory Amplification Scale/SSAS) measuring a disposition to identify natural occurring somatic and visceral sensations as being very strong, unpleasant and harmful [@pone.0107665-Barsky1], [@pone.0107665-Barsky3]. In addition, the trait version of the State-Trait-Anxiety-Inventory [@pone.0107665-Kendall1], as well as physical activity [@pone.0107665-Frey1] were analyzed. In order to exclude any participants with high depression scores, the Hospital Depression Scale [@pone.0107665-Zigmond1] was also used. Additionally, subjects were asked repeatedly during *Medication* and "*Placebo*" intake to rate CsA-specific side effects on a five-point Lickert scale (heat sensation in the hands and head, nausea and discomfort in the intestine and stomach, fatigue, tingling sensation in the hands, (0/"not at all"; 4/"very intense") ([Figure 1](#pone-0107665-g001){ref-type="fig"}).

Before the start of the study, subjects completed the Generic Assessment of Side Effects questionnaire (GASE) [@pone.0107665-Rief4], assessing psychological and medical indispositions of the last seven days ([Figure 1A](#pone-0107665-g001){ref-type="fig"}; *Pre I*). The GASE asks for the most frequent side effects in clinical trials according to FDA statistics and it also allows to assess the attribution of symptoms to a specific drug. Subsequently, only those symptoms that were attributed to the alleged drug were measured before the first intake of placebo capsules ([Figure 1A](#pone-0107665-g001){ref-type="fig"}; *Pre II*), as well as after fourteen intakes of capsules containing no pharmacological agents (placebo) or a subtherapeutic dose of CsA (0.25 mg/kg) respectively, to analyze possible unwanted side effects, which were ascribed to the "*Placebo*" treatment ([Figure 1B](#pone-0107665-g001){ref-type="fig"}; *Post II*).

Cardiovascular parameters heart rate and systolic and diastolic blood pressure were analyzed before (*Pre I*) and after (*Post I*) *Medication* intake (acquisition phase) and before (*Pre I*) and after (*Post I*) "*Placebo*" intake (evocation phase), respectively.

Measurement of blood concentrations of CsA {#s2e}
------------------------------------------

CsA concentrations in whole blood were assessed using Siemens Dimension Flex reagent cartridge (Erlangen, Germany), according to the manufacturer\'s instructions.

Cell isolation {#s2f}
--------------

In order to determine the effects of CsA, peripheral blood mononuclear cells (PBMCs) were isolated by density gradient centrifugation (Ficoll-Paque Plus, GE Healthcare, Munich, Germany). Cells were washed with Hanks\' Balanced Salt Solution (Life Technologies, Darmstadt, Germany), counted with an automated hematology analyser (KX-21 N, Sysmex Deutschland GmbH, Norderstedt, Germany) and adjusted to 5×10^6^ cells/ml in cell culture medium (RPMI 1640 supplemented with GlutaMAX I, 25 mMHepes, 10% fetal bovine serum, 50 µg/ml gentamicin; Life Technologies).

Determination of IL-2 in culture supernatant {#s2g}
--------------------------------------------

PBMC suspensions (5×10^6^ cells/ml) were transferred to 96-well flat bottom tissue culture plates and were stimulated with 20 ng/ml of soluble mouse anti-human CD3 monoclonal antibody (clone: HIT3a; BD Pharmingen, San Diego, CA) for 24 h (37°C, 5% CO~2~). Concentration of IL-2 in culture supernatants was quantified using a commercial ELISA (Biolegend, San Diego, USA) according to the manufacturer\'s instructions.

Genotyping {#s2h}
----------

Genomic DNA was extracted from whole blood using peqGOLD Blood DNA Mini Kit (PEQLAB Biotechnologie, Erlangen, Germany) according to the manufacturer\'s protocol. Genotyping was performed on a 7500 Fast Real-Time PCR System using the TaqMan SNP Genotyping assay for rs4680 (C_25746809_50) and the TaqMan genotyping master mix (Applied Biosystems, Darmstadt, Germany) following the manufacturer\'s instructions. Allelic discrimination analysis was performed with the SDS version 1.4 software (Applied Biosystems, Foster City, USA).

Statistical analysis {#s2i}
--------------------

All data are expressed as mean ±SEM. Immunological, neuroendocrine, cardiovascular parameters, as well as CsA levels in whole blood were analyzed using repeated-measures analysis of variance (ANOVA). Psychological characteristics as well as behavioral parameters were compared with univariate analysis of variances (ANOVA) followed by Bonferroni post-hoc tests. Pearson correlations were measured, using PASW statistics version 18 (SPSS, Chicago, USA). Allele and genotype distributions did not deviate from Hardy-Weinberg equilibrium. To analyze association of all variants, Fisher\'s exact test (allelic association) was calculated with PLINK [@pone.0107665-Purcell1]. If not stated otherwise, all p-values are asymptotic, two-sided and corrected for multiple testing. The significance-level was set at *p*\<0.05.

Results {#s3}
=======

In the first step we analyzed possible differences between treatment groups 1 to 3 in all variables. Subjects in these groups did not differ in any of the sociodemographic, psychological, cardiovascular (data not shown) or immunological parameters analyzed here ([Tables 1](#pone-0107665-t001){ref-type="table"} and [2](#pone-0107665-t002){ref-type="table"}). In addition, subjects of all three groups did not significantly differ in their perceived psychological and medical indispositions of the last seven days documented with the GASE before study entry (baseline; F = 0.05, n.s.), as well as in their reported general (F = 1.34, n.s.) and CsA-specific (F = 1.34, n.s.) side effects during *Medication* intake ([Figure 1](#pone-0107665-g001){ref-type="fig"}, *Post I*). Moreover, during "*Placebo*" treatment, no significant group differences were observed, neither in reported general side effects (GASE; *Post II* (F = 0.51, n.s.); nor CsA-specific side effects (F = 0.36, n.s.) ([Table 3](#pone-0107665-t003){ref-type="table"}).

10.1371/journal.pone.0107665.t001

###### Sociodemographic and psychological characteristics of the three experimental groups.

![](pone.0107665.t001){#pone-0107665-t001-1}

  Treatment group              Group 1 (n = 24)   Group 2 (n = 26)   Group 3 (n = 12)
  --------------------------- ------------------ ------------------ ------------------
  Age (years)                      25.0±0.7           25.9±0.9           25.5±0.9
  Body mass index (kg/m^2^)        22.5±1.1           22.3±1.4           24.2±1.0
  Physical activity (FfkA)         42.3±6.8           37.2±5.3           51.5±9.3
  Trait anxiety (STAI)             33.1±1.3           37.3±1.8           36.3±1.8
  SSAS                             24.8±1.1           25.9±1.1           27.1±1.4
  BMQ_general harm                 9.8±0.6            9.2±0.7            10.5±0.7
  BMQ_general overuse              13.7±0.5           12.9±0.6           13,7±0.7
  BMQ_general benefit              15.7±0.5           16.4±0.5           15.6±0.7
  BMQ_sensitive soma               7.7±0.6            8.3±0.7            9.6±1.0
  BMQ_specific necessity           7.6±0.4            7.8±0.5            8.1±0.8
  BMQ_specific concerns            9.6±0.7            9.2±0.9            11.3±1.1

Age, body mass index, physical activity, trait anxiety (STAI), SSAS, BMQ\_ general harm, BMQ_general overuse, BMQ_general benefit, BMQ_sensitive soma, BMQ_specific necessity and BMQ_specific were compared between all three treatment groups using univariate ANOVA. Groups did not significantly differ in any of the variables listed (all p\>0.05). Data are shown as mean ±SEM.

10.1371/journal.pone.0107665.t002

###### CsA serum levels and IL-2 protein concentrations of the three treatment groups during *Medication* and "*Placebo*" intake.

![](pone.0107665.t002){#pone-0107665-t002-2}

                                                Group    *Medication*    "*Placebo*"                 
  ------------------------------------------- --------- -------------- ---------------- ------------ -------------
  **CsA levels in whole blood** (*ng/ml*)      Group 1       n.d.       1285.8±41.3 \*      n.d.         n.d.
                                               Group 2       n.d.       1096.1±94.0 \*      n.d.      60.4±5.5 \*
                                               Group 3       n.d.       1482.3±77.6 \*      n.d.      81.9±6.5 \*
  **IL-2 in culture supernatant** (*pg/ml*)    Group 1    488.4±76.4    128.3±18.3 \*    452.2±68.8   432.5±75.8
                                               Group 2    350.5±78.2    115.7±22.2 \*    341.6±60.9   303.0±54.5
                                               Group 3    278.4±43.9    164.4±31.6 \*    378.6±60.8   492.8±83.5

CsA treatment during *Medication* significantly increased CsA serum levels and significantly suppressed IL-2 protein concentrations after anti-CD3 stimulation in all groups. During the "*Placebo*" condition, treatment with subtherapeutical doses of CsA slightly increased CsA levels (groups 2 and 3), however did not effect IL-2 concentration in these groups. (ANOVA, time effect; \**p*\<0.001) (n.d. =  not detectable). Data are shown as mean ±SEM.

10.1371/journal.pone.0107665.t003

###### CsA-specific and general side effects during the *Medication* and "*Placebo*" condition.

![](pone.0107665.t003){#pone-0107665-t003-3}

                       *Medication*   "*Placebo*"              
  --------- --------- -------------- ------------- ----------- ---------
  Group 1    5.0±1.2     7.1±1.3        6.3±1.1     13.0±3.5    1.0±0.4
  Group 2    4.7±1.4     8.0 ±1.6       5.9±1.7     18.7±5.4    1.2±0.4
  Group 3    4.3±1.2     12.1±3.9       9.9±3.7     19.5±11.5   2.3±2.1

Treatment groups did not significantly differ in reported CsA-specific and general side effects analyzed with the GASE, neither before study participation (GASE Baseline), nor during the *Medication* and the "*Placebo*" condition (all p\>0.05). Data are shown as mean ±SEM.

Genotyping and analyses of general and CsA-specific side effects {#s3a}
----------------------------------------------------------------

After confirming that treatment groups showed no significant differences in reported side effects, volunteers were then compared according to the respective three genotype groups: Homozygotes for the Val158 allele, heterozygotes (Val/Met), and homozygotes for the Met158 allele. Genotyping revealed genotype frequencies of 30.7% (Val/Val; n = 19), 54.8% (Val/Met; n = 34) and 14.5% (Met/Met, n = 9) for the *COMT* Val158Met polymorphism. Subjects of the three treatment groups were evenly distributed across the three genotype groups. Subsequent analyses revealed significant differences between allele carriers of the *COMT* Val158Met polymorphism and their experienced side effects. When analyzing general psychological and medical indispositions with the GASE questionnaire before study entry (*Baseline*, *Pre I*), Val158/Val158 homozygous carriers reported significantly more general psychological and medical complaints compared to the Met158/Met158 and Val158/Met158 groups (F = 4.6; p\<0.01) ([Fig. 2A](#pone-0107665-g002){ref-type="fig"}). In parallel with these findings this group also reported significantly more general psychological and medical indispositions (GASE) after *Medication* intake (F = 5.9; p\<0.01) compared to both other genotypes ([Fig. 2B](#pone-0107665-g002){ref-type="fig"}). The identical pattern occurred when subjects were asked after "*Placebo*" intake. Again, the Val158/Val158 homozygous carriers reported more experienced general side effects compared to all other genotypes (F = 4.7; p\<0.02) ([Fig. 2C](#pone-0107665-g002){ref-type="fig"}).

![General psychological and medical indispositions were analyzed with the GASE before study entry (*Baseline*) (A), after *Medication* intake (B) and "*Placebo*" intake (C), respectively.\
Homozygous Val158 carriers experienced significantly more general psychological and medical indispositions before study entry and after four medication intakes **(B)**. The Val/Val group also showed the strongest nocebo response, reflected by most reported side effects after the "*Placebo*" intake **(C)**. Bars represent mean ±SEM; data were analyzed with univariate ANOVAs. In case of significant F tests, these were followed by Bonferroni post hoc tests; \**p*\<0.05, \*\**p*\<0.001.](pone.0107665.g002){#pone-0107665-g002}

The differences in reported general side effects between allele carriers of the COMT Val158Met polymorphism were paralleled by significant group differences in the experienced CsA-specific side effects. After *Medication* intake, ANOVAs showed significant differences for CsA-specific side effects (F = 11.9; p\<0.001) with significant more side effects reported in Val158/Val158 compared to the Val158/Met158 (p\<0.001) and Met158/Met158 groups (p\<0.05) ([Figure 3A](#pone-0107665-g003){ref-type="fig"}). Similar differences in reported CsA-specific side effects between allel carriers were observed during "*Placebo*" treatment (F = 13.1; p\<0.001) with the most pronounced side effects reported in the Val/Val homozygous carriers compared to the Val158/Met158 (p\<0.001) and the Met158 homozygous (p\<0.01) groups ([Figure 3B](#pone-0107665-g003){ref-type="fig"}).

![Reported CsA-specific side effects after *Medication* (A) and "*Placebo*" intake, respectively (B).\
Significantly higher CsA-specific side effects, after four medication intakes, were reported by homozygous Val158/Val158 carriers (**A**). This difference was even more pronounced after fourteen "*Placebo*" intakes (**B**). Bars represent mean ±SEM. In case of significant F tests, these were followed by Bonferroni post hoc tests; \**p*\<0.05, \*\**p*\<0.001.](pone.0107665.g003){#pone-0107665-g003}

Genotyping and trait psychological parameters {#s3b}
---------------------------------------------

Univariate ANOVAs showed no significant differences between the three genotypes in sociodemographic variables or trait anxiety ([Table 4](#pone-0107665-t004){ref-type="table"}). In contrast however, homozygous carriers of the Val158 allele showed a significantly higher score in the Somatosensory Amplification Scale (SSAS) (F = 8.8, p\<0.001) compared to the other genotypes (heterozygotes p\<0.001; Met158/Met158 homozygous carriers (p\<0.01), reflecting a disposition to identify natural occurring somatic and visceral sensations as being very strong, unpleasant and harmful. In addition, homozygous carriers of the Val158 scored significantly higher compared to both other genotypes within four subcales of the BMQ, indicating a significantly higher belief that medication will harm in general and a more sensitive reaction towards their effects ([Table 4](#pone-0107665-t004){ref-type="table"}). They were significantly more convinced that medication harms them in general (BMQ_general harm; F = 4.2; p\<0.05) and react more sensitive towards their effects (BMQ_sensitive soma; F = 13.14; p\<0.001). Val158/Val158 homozygotes also view themselves as significantly more dependent on medication (BMQ_specific necessity; F = 5.6; p\<0.01) and at the same time are more concerned about their side effects and feel uneasy when taking medication (BMQ_specific concerns; F = 6.3; p\<0.01). The three genotype groups did not significantly differ in the two BMQ subscales "general overuse" and "general benefit" ([Table 4](#pone-0107665-t004){ref-type="table"}). In order to exclude subjects with high scores in the Hospital Depression Scale (HADS) mean scores and standard errors were calculated for all participants, which revealed no unusually high scores (3.5±0.34).

10.1371/journal.pone.0107665.t004

###### Differences in the somatosensory amplification scale (SSAS) and four subscales of the Beliefs about Medicines Questionnaire (BMQ) depending on the respective genotype group.

![](pone.0107665.t004){#pone-0107665-t004-4}

  Genotype                     Val158/Val158 (n = 19)   Val158/Met158 (n = 34)   Met158/Met158 (n = 9)
  --------------------------- ------------------------ ------------------------ -----------------------
  Age (years)                         25.7±1.1                 25.3±0.6                25.6±1.3
  Body mass index (kg/m^2^)           21.5±1.9                 23.7±0.5                22.0±2.9
  Physical activity (FfkA)            46.6±8.7                 38.2±4.2                46.0±11.2
  Trait anxiety (STAI)                38.5±1.8                 34.4±1.3                33.3±2.6
  SSAS                             29.4±1.3 \*\*               24.3±0.8                22.9±1.3
  BMQ_general harm                  11.0±0.7 \*                8.8±0.5                 10.6±0.7
  BMQ_general overuse                 14.1±0.7                 12.9±0.5                13.7±0.8
  BMQ_general benefit                 15.7±0.6                 16.0±0.4                16.0±0.7
  BMQ_sensitive soma              11.0±0.8 \*\*\*              7.4±0.4                  6.2±0.5
  BMQ_specific necessity             9.2±0.6 \*                7.2±0.4                  6.8±0.5
  BMQ_specific concerns            12.1±1.1 \*\*               9.1±0.6                  7.4±0.7

Age, body mass index, physical activity, trait anxiety (STAI), SSAS, BMQ_general harm, BMQ_general overuse, BMQ_general benefit, BMQ_sensitive soma, BMQ_specific necessity and BMQ_specific concerns were compared among COMT genotype groups (Val158/Val158, n = 19; Val158/Met158, n = 34; Met158/Met158, n = 9). Data were analyzed using univariate ANOVA. In case of significant F tests, these were followed by Bonferroni post hoc tests. Data are shown as mean ± SEM; \*p\<0.05, \*\*p\<0.01, \*\*\*p\<0.001.

CsA levels, immunological and cardiovascular parameters {#s3c}
-------------------------------------------------------

CsA levels were determined two hours after the last of four CsA intakes (10 am; peak level) and after the *medication* intake condition. CsA concentrations were significantly increased in all three genotype subgroups without significant differences between groups ([Table S1](#pone.0107665.s001){ref-type="supplementary-material"}). After treatment with subtherapeutic CsA doses, marginal CsA concentrations could be detected in peripheral blood with no differences between groups. In addition, ANOVA did not show significant differences between the three genotypes at the *COMT* Val158Met polymorphism in cardiovascular parameters (data not shown), CsA or IL-2 levels analyzed during the treatment conditions ([Table S1](#pone.0107665.s001){ref-type="supplementary-material"}). Thus, the significantly increased reported specific and general treatment side effects in Val158/Val158 homozygous carriers during drug (*Medication* intake) and "*Placebo*" treatment is not due to distinct physiological responses to the treatments.

Discussion {#s4}
==========

Clinical and experimental data on psychological, biological or genetic variables predicting placebo responses are rare; data on genetic variables predicting nocebo responses are lacking. With an established model of learned immunosuppression we focused on the catechol-O-methyltransferase (*COMT*) Val158Met polymorphism and analyzed an association of reported drug-specific and general side effects during medication and placebo intake of the *COMT* genotypes. Our results demonstrate significantly more drug-specific as well as general side effects in homozygous Val158 carriers during medication and placebo treatment compared to the other genotypes. These differences in nocebo responses were not due to treatment specific changes in psychological (anxiety) or biological (cardiovascular, immunological) parameters since allele carriers did not differ in these variables. In addition, homozygous Val158/Val158 carriers displayed significantly higher scores in the somatosensory amplification scale (SSAS) and the BMQ (beliefs about medicine questionnaire) compared to the other genotype groups.

Together these data suggest that *COMT* Val158Met, specifically the Val158/Val158 genotype, is a potential genetic marker for nocebo responders. This is primarily true for the specific model employed here, in which healthy male subjects received a short-term treatment during the *Medication* period with an immunosuppressive drug, the calcineurin inhibitor CsA. Whether and to what extent this is a generalizable phenomenon and transferable to other drugs and/or patient populations needs to be investigated [@pone.0107665-Hall1]--[@pone.0107665-Furmark1], [@pone.0107665-Rakvg1]. However, the Val158/Val158 group reported the most pronounced CsA-specific as well as general side effects analyzed with the GASE scale not only during medication intake. These genotypes also reported twice as many specific side effects after taking fourteen placebo capsules during the "*Placebo*" treatment compared to the intake of the drug CsA. In addition, Val158/Val158 homozygous carriers showed a significantly more pronounced disposition to identify natural occurring somatic and visceral sensations as being very strong, unpleasant and harmful, which was measured with the SSAS. These results seemed to be independent of treatment-specific effects during medication or placebo intake, since homozygous and heterozygous Val158 allele carriers did not differ with respect to their drug levels, cardiovascular or immunological parameters analyzed before and after *Medication* or "*Placebo*" condition. Thus, together with the data showing that the *COMT* polymorphism predicted placebo responses in patients with irritable bowel syndrome and depression [@pone.0107665-Hall2], [@pone.0107665-Wray1], these observations militate for a role of *COMT* in nocebo responses also for other physiological systems and diseases. Please note that the Met158 allele was associated with increased placebo responses in patients with irritable bowel syndrome [@pone.0107665-Hall1]. So potentially both *COMT* alleles display opposite sides of the coin pertaining to placebo/nocebo response.

The reason for the increased sensitivity for treatment specific and general side effects in the Val158/Val158 homozygotes observed in this study is unclear. The non-synonymous single nucleotide polymorphism at *COMT* (Val158Met; rs4680 [@pone.0107665-Lotta1]) leads to a functional consequence. COMT harboring Val158 catabolizes dopamine three to four-times more effectively than the Met158 form [@pone.0107665-Lachman1]. This leads to significantly lower concentrations of prefrontal dopamine in Val158/Val158 carriers compared to the other genotypes. This different availability of prefrontal dopamine seems to affect reward and information seeking behavior [@pone.0107665-Lancaster1], [@pone.0107665-Doll1] in general, but also predicted placebo responses in patients with irritable bowel syndrome, with more pronounced placebo responses in patients carrying the Met158 allele homozygously [@pone.0107665-Hall1], [@pone.0107665-Hall2]. A possible relationship between a smaller amount of available dopamine in the prefrontal cortex (Val158/Val158 individuals) and a more pronounced nocebo response was also reported in a study with cancer patients, where patients of the Val158/Val158 genotype experienced more pain than the other two genotypes and required higher doses of morphine [@pone.0107665-Rakvg1]. Under experimental conditions however, Met158/Met158 individuals reported a higher sensitivity towards experimental pain [@pone.0107665-Zubieta1], [@pone.0107665-Jensen1].

In order to ensure that higher rates of nocebo effects measured in Val158/Val158 homozygotes are not caused through another factor, we carefully controlled a range of possible interfering variables. These measures revealed that participants did not differ in sociodemographic variables, as well as psychological characteristics, which could have affected an increased experience of side effects, such as trait anxiety and physical characteristics (physical activity, BMI). Additionally, there were no group differences in cardiovascular parameters which could have been indicators of an increased stress reaction to the experimental procedure or medication intake. Moreover, CsA levels in whole blood as well as IL-2 concentrations in culture supernatant, as an indicator of the immunosuppressive effect of CsA, were monitored with no difference between the three genotype groups which could have explained the increased CsA-specific and general side effects.

The ability to analyze intra-individual nocebo responses after intake of an immunosuppressive medication during the acquisition phase of the conditioning procedure as well as after placebo intake during the evocation phase is certainly a unique advantage of the model employed here. However, there are also a number of limitations within this study. Firstly, our findings are limited due to the small number of volunteers included in the genetic analyses, which only included young and healthy males and have to be thus interpreted with caution. The sample size is not sufficient to detect small sized effects, which may bear the risk of type 2 errors, i.e., the risk to miss existing group differences due to low statistical power. Future studies in larger samples should consider multiple factor statistical models of potentially moderating or even mediating effects of sociodemographic or additional psychological or genetic variables. Secondly, the information material and systematic procedure of analyzing adverse side effects could have let to an increased number of reported side effects, compared to a "free recall" procedure, as the documentation itself is affecting the occurrence of side effects [@pone.0107665-Rief3]. Subjects in this experiment were regularly informed about common CsA side effects and also received information material, as well as a standard questionnaire for specific and general side effects (GASE). Lastly, further psychological characteristics such as neuroticism, coping style, personality, as well as decision making should be included in future studies, in order to detect their potential effects on the response towards medication.

In summary, the identification of psychobiological and/or genetic predictor variables in order to minimize nocebo effects is of essential relevance for clinical practice and trials. Future studies have to confirm the reported personality and genetic predictor variables for nocebo responses for different drugs, different physiological systems and end organ functioning. If nocebo responders could be conveniently classified by genetic or psychological predictor variables, these individuals could receive a "personalized treatment", such as the usage of a "contextualized informed consent" [@pone.0107665-Wells1]. The recognition of placebo and nocebo responders will be invaluable for estimating the real drug effects, as placebo responders will contribute to an underestimation of drug effects, whereas nocebo responders will lead to an overestimation of adverse unwanted side effects.
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**CsA serum levels and IL-2 protein concentrations during the** ***Medication*** **and "** ***Placebo*** **" condition of the COMT genotype groups.** CsA treatment during *Medication* significantly increased CsA serum levels and significantly suppressed IL-2 protein concentrations after anti-CD3 stimulation in all COMT genotype groups. During the "*Placebo*" condition, treatment with subtherapeutical doses of CsA slightly increased CsA levels in Val158/Val158, Val158/Met158 as well as Met158/Met158 allel carriers, however did not significantly affect IL-2 concentrations in these groups. (ANOVA, \**p*\<0.001, time effect) (n.d. =  not detectable). Data are shown as mean ± SEM.
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Click here for additional data file.
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